PCT/FR 0 0 / 0 2 6 2 J 



jBSP'D 3 0 OCT 2000 




THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/181,306 
FILING DATE: February 09, 2000 

PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



By Authority of the 
HL COMMISSIONER OF PATENTS AND TRADEMARKS 



WALLACE 
Certifying Officer 



£.(0-0 0 



RPRBIeNo.ST99042A-US 

PROVISIONAL APPLICATION COVER SHEET ggg 



PTO/SB/16 (6-95) 



« EE458454Z25US 
* ^Express Mail" Mailing Nu Tiber 



DaleofDeposit 



o 
o 
\ 
en 
o 



o 



-txpres* ma,. — - attacneocn on the date indicated aopvr^= 

A*** 6 ^^ ^^^^^ 



~C£5T NAME 

ECKERT 




01 
P 

69 



1 ^ auH - \ .n<ude1his i>6x-» _ ! — 

COUNTRY) 



Rheindammstrasse21 
68163 Mannheim, GERMANY 



_ZI tttcTOF |HblN^ I T TroN(2B0cha,aae, J ..iuxl 




P 

Hi 

a 
a 



Specification 
Dravv'mg(s) 



Number*Qf,Rages 
Number*of*Sheets*fA 



SrnaU>^tyiStetemenU 
Other^(spedfy*)-j: 



^^ieckormoney-ofdar 1$ altctoaed-toicoverttte ^^^^^^^^^.i^iq pgg AM©tt).Nlt(S) USQiB 



X The Commission 3f is hereby aumuiu", _ 

jf^ssaa^a^^ ^ u— — 

Theinventioo was mada'ty art agency °"* le Stated States G 
Government 



Respectfully submitted. 



Aventis Pharmaceuticals Products Inc. 

Mail OtOp • S< -'Z~> -riToe nooy^-a 

Collegeville. PAi84»«9W 



Registration No. 45,052 
zr, 9 pwo 



. ^missioner for Patents. Washington. D.C. 20231 
Send to; Box Provisional Patent Application, Assistant Commissioner 



PTO/SB/1 6(6-95) 2 



PROVISIONAL APPLICATION COVER SHEET - Additional Page for 

Inventor Information 





Docket 
Number 


SI99042A-US 


1 ype a plus sign (+) 
inside this box-> 


+ 


SECOND NAMED IN 


VENTOR(sVAHPLI 


CANT(s) 


LAS I NAMb 


FIRSJ NAME 


MIDDLE 
INITIAL 


RESIDENCE (CI I Y AND El t HtK o 1 A I b OR FOREIGN 
COUNTRY) 


MULLER 


Walter 




Hvhenstrasse 49A 
67550 Worms-Hermsheim, GERMANY 








Pocket 
Number 


ST99042A-US 


Type a plus sign (+) 
inside this box-» 


+ 


THIRD 1 


MAMfcD INV 


EN 1 OR(s)/APPUCAN 1 (s) 


LAST NAME 


FIKSl NAME: 


MIDDLfc 
INITIAL 


RESIDENCE (CI 1 Y AND U 1 HtK S I A 1 b Ok FOREIGN 
COUNTRY) 


CZECH 


Christian 




4 Cite de I'Alma 
75007 Paris, France 







Docket 
Number 


SF99042A-US 


Type a plus sign (+) 
inside this box-* 


+ 


FOURTH NAMED IN 


VENTOR(s)/APPU 


CANT(s) 


LAS I NAMb hlRST NAME 


MIDDLfc 
INITIAL 


RESIDENCE (CITY AND EITHER Si Alb OK rOKbIGN 
COUNTRY) 


PRADIER Laurent 




23 avenue Carnbac6r6s 
91370 Verrieres, FRANCE 







Docket 
Number 


SI99042A-US Type a plus sign (+) + 
inside this box-> 


FIFTH NAMED INV 


ENTOR(sVAPPUCANKs) 


LAS I NAMb 


MRS I NAMb 


MIDDLE 
INITIAL 


RESIDENCE {CI T Y AND bl I HbR S I A I b OR F-ORbIGN 
COUNTRY) 


TREMP 


Gunter 




6 Residence du Pare d'Ardenay 
91 1 20 Palaiseau, FRANCE 





Send to: Box Provisional Patent Application, Assistant Commissioner For Patents. Washington. D.C. 20231 



1 



TRANSGENIC ANIMAL EXPRESSING A MULTIMUTATED FORM OF 

PRESENILIN 1 

Thetepresent . invention* rel-ates««torthe : *.f ield,. of 
5 transgenic animal models and more particularly the - 
animal, .models of Alzheimer's disease.. The invention, 
relates to a transgenic animal expressing a 
multimutated form of presenilin 1 andallowing an 
apoptotic phenomenon to be detected in a renewable 

Qi 10 peripheral tissue. 
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p Alzheimer's disease (AD) is a progressive 
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neurodegenerative disease which affects a large 
proportion of the elderly population. This disease is 
characterized at the clinical level by~a loss*©,f>tmero@r-y 
15 and a decline in cognitive functions, and**afe*the«w. 

neuropethological level by the presence in the brain of* 
intracellular neurofibrillary deposits -and 
extracellular deposits of the p-amyloid (Ap^pepifefcde*- 
forming the amyloid plaques -(Yanker et al., 1996) as 
20 well as a pronounced neuronal loss. In addition to 

these signs, there, are a large number of other abnormal 
changes including an impairment of the mechanisms of 
protection against free radicals. 

Amyloid plaques are mainly composed of the A0 
25 peptideS^coff^ning^O *or 42^rem%u^S«whire»-«are^ 
generated during the proteolytic process for the 
p-amyloi d pepte&de-pr-ecursor- .protein (ABP>) . The«» . 
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and fcr associated disorders. They represent the early 
and invariable feature of all the forms of AD, 
including the familial forms (FAD) - The FADs appear 
relatively early (between 40 and 60 years of age) and 
5 are due to mutations in the APP gene in 5% of FAD cases 
with six identified single or double missense 
mutations; in the presenilin 1 (PS 1) gene in 50 to 70% 
of FAD cases with more than 40 different mutations 
identified to date; and in the presenilin 2 (PS .2) gene 

10 in rarer cases of FAD with 2 missense mutations 

described (for a review see Price and Sisodia f 1998) . 
Mutations in these three genes have been demonstrated 
to induce changes in the proteolysis of APP, which lead 
to an overproduction of A0, especially of the long form 

15 Af*42, and to the early appearance of the pathology and 
symptoms which are similar to those of the sporadic 
forms of AD. 

In the transgenic animal models described to 
date, the symptomatology of neuronal loss comparable to 

20 AD is e;cpressed only at the level of the neurons or in 
their direct vicinity and in particular the phenomenon 
of apoptosis (Chiu et al., 1999). However, these models 
have several disadvantages including in particular the 
need to breed a very large number of animals, most 

25 often over long periods of time, which may be up to 24 
months, in order to monitor the appearance of the 
symptoms of AD, the systematic sacrificing of the; 
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animals to study the pathology and thus experimental 
protocols which are particularly tedious and expensive. 

No animal model of AD therefore exists which 
makes* it possible^tO; measure the^sympt5pms««^aad«r , \in^ 
5 partic ala-25> thewphenomena -of ce>l*l deafehffass'oei»a£ed*fwithr~ 
AD in [peripheral tissues* 

The present invention therefore results from 
the search for a new animal model representative of the 
neuropathology which makes it possible to measure the 
10 symptoms associated with AD, and in particular 
apopto:siS/ in peripheral tissues. 

A first subject of the invention therefore 
relate:* to a ^transgenic- anima*L, model of Alzhe»imea?&s ^ 
disease^ expi^essd^ng^mul^timutraifeed p^eseni-lin 1 . « 
15 Transgendjc^anima^ is understood to mean*any*- 

nonhuman animal exhdsbiitring a modification of^itsv* 
genome*.* The^moda*£i cation oS rthe^genorae may^resudAt^f ronur . 
an imp<iirmen-t«stor^a modi*fdfGatd«on*of ^one»*or^more^genes*by^ 
"knock-in" or by " knock-out'*. This modification may be 
20 due to the action of conventional impairing or 

mutagenic agents or may be performed by site-directed . 
mutagenesis/ as is described in Materials and Methods. 

"The modification of the genome may also 
result from an insertion of a gene or of genes or from 
25 replacement of a gene or of genes in its (their) wild- 
type??, or mutated* form. 
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The modifications of the genome are 
advantageously carried out on reproductive stem cells 
and praferably on the pronuclei. 

- In the context of the present invention, the 
5 animal model is advantageously a mammal. In particular, 
it may be a mouse, a rat or a rabbit obtained according 
to conventional transgenesis techniques. By way of 
example illustrating one of the methods of 
transgenesis, there may be mentioned the method of 

q 10 microinjection of an expression cassette comprising the 

j~ 

1J5 modified genes into the two fertilized pronuclei, as is 

\ji described in Materials and Methods. 

Q 

m * In this regard, the animal model of the 

£i invention is obtained by injecting an expression 

15 cassett.e comprising a nucleic acid. Preferably, this 

nucleic: acid is a DNA which may be a genomic DNA (gDNA) 
or a complementary DNA (cDNA) . 

In the context of the model of the invention, 
the DNA encodes any PS1 gene such that the cells of the 
20 animal model express the multimutated protein. 

The sequence of the nonmutated human PS1 
protein was described by Sherrington et al in 1995. 
Multimutated protein is understood to mean the PS1 
protein comprising at least three mutations which are 
25 combined or associated with each other, that is to say 
which are present at the same time in the said protein. 
According to a preferred embodiment of the invention, 
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the DNA encodes the PS1 gene which comprises 5 
mutations (PS1M5) . 

The mutations in the PS1 gene may be one of 
the~40 mutations described^to* date«.n the ^literature. 
5 Preferably, the -mufeations^in the*«PS*Ir gene are Ml«4 f 6^> 

H163R, A2,4£E, L2Q.6V, C410Y> I143T, L235P, P264-L- P267S, 
E317G, G384A, L392V, A426P and/or P436S. They are in 
partial combination with each other. 

The mutations M146L, H163R, . A246E, L286V, 
10 C410Y, combined with each other, are preferred for 
producing a model according to the invention. 

In the context of the model of the invention, 
the DNJfcw is pl^aced^undeo^theM^ 

al»lowd.«iig-*d. t expjge s s-ion^.and?*u n*pa r ti r e.U'l'ar^o f -*c 

15 transciription^promoifeeiwseqwgnees^* 

As^promoter^sequenees^tther.eitmay^bewmenMoned' 
raostt- particularly the^HMGl»pr©motex^(Gat:u1^ 
1989;), as* wel«lN*as^the*PD£^ Sa"sahavr;a«iet<Kalnr, 
1991), the Thy-1 promoter (Liithi et al., 1997). and the 

20 Prion gene promoter (Scott et al., 1992). 

According to a particularly advantageous 
embodiment of the invention, the animal model comprises 
the PS1 gene having the M146L, H163R, A246E, L286V, 
C410Y mutations, placed under the control of the HMG 

25 promoter. 

The^animal models according, to thewrinyenteion 
is. - vei^y^advantagepus ^beeausej*i t^corr e;spg»ndsfetojfea k 
practical model which is representative of the 
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phenomena of cell death in AD. Indeed, this model 
exhibits symptoms associated with AD including in 
particular apoptosis of the cells and oxidative stress 
and makes it possible, in addition,- to measure these 
5 symptoms in the cells of renewable peripheral tissues- 
It should be noted that oxidative stress also manifests 
itself in the brain of these animals. Renewable 
peripheral tissues should be understood to mean any 
tissue exhibiting a renewal of these cells over. time. 
10 By way of example of renewable peripheral tissue, there 
may be mentioned the spleen, the liver, blood and the 
like. Preferably, the apoptotic phenomenon is measured 
in' blood cells and still more preferably in the 
lymphocytes. Among the lymphocytes, the T lymphocytes 
15 are preferred for the invention. 

Thus, the results described in the examples 
demonstrate that the transgenic mouse expressing the* 
multimutated PS1 develops cellular impairments which 
are found in Alzheimer's disease and, in particular, 
20 exhibits increased sensitivity to apoptosis. This 
phenomena is moreover not observed with a simple 
natural pathological mutant of the M146L type. This 
phenotype is specifically obtained with a nonnatural 
form grouping together several individual mutations, 
25 and preferably 5 mutations, on the same cDNA. In 
addition, through the ectopic expression of the 
transgens by virtue of the ubiquitous promoter, this 
model makes it possible to detect an apoptotic 



phenomenon (linked to the mutations in Alzheimer's 
disease) in a renewable peripheral tissue. This model 
therefore provides a much more practical source of 
material (not requiring sacrificing the animal) , 
therefore allowing longitudinal monitoring. 

Furthermore/ the impairments of the 
metabolism of calcium and of the free radicals which 
are observed very clearly in this model are similar to 
the increase in the latent period for the calcium 
response and the oxidative stress which are observed 
with Alzheimer patients (Eckert et al., 1997 and 1998), 
which reinforces the relevance of this model. 

The present invention therefore also relates 
to the use of the^aniraa^, model, a si des cr ibed rabovre> for 
the detection, of^ compounds; intended*^ 6x' v the^treafement 
of neurodegenerative ^diseases,- preferably Alzheimer f s 
disease 

Indeed/ through i t s , advant ageou s*~ p r opertt ie s> 
this model allows, in comparison with known models, the 
detection of compounds which are particularly suitable 
for the treatment of AD, in particular as described ih- 
humans • 

These compounds may be chemical molecules, 
peptide or protein molecules, antibodies, chimeric 
molecules as well as antisense DNAs or ribozymes. 

The compounds which are detected mavy: be used 
as a medicaments; as^theyt are' or^ in . combinat ion -with > a 
pharmacoutically acceptable vehicle in order to obtain 
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a pharmaceutical composition. This may include in 
particular isotonic, sterile saline solutions 
(monosodium or disodium phosphate, sodium, potassium, 
calcium or magnesium chloride and the like, or mixtures 
5 of such salts), or dry, in particular f reeze-dried, 
compositions which, upon addition, depending on the 
case, of sterilized water or of physiological saline, 
allow the constitution of injectable solutions. The 
injections may be carried out by the stereotaxic, 
10 topical., oral, parenteral, intranasal, intravenous, 

intramuscular, subcutaneous, intraocular or transdermal 
route, and the like. 

The detection of the compounds described 
above is based on bringing the animal model of the 
15 invention into contact, especially by an administration 
such as for example an injection, with a compound or a 
mixture of compounds presumed to have an action and 
then measuring the effect (s) of the compounds in 
particular at the level of the peripheral tissues of 
20 the model on the different biochemical and/or 
histological changes such as for example those 
described in the Methods and Results section including 
apoptosis,' the level of intracellular calcium, the 
level o:: free radicals and the like. 
25 Another subject of the invention relates to a 

cell extracted from the animal model as described above 
as well as its use for the detection of compounds: 
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intended for the treatment of neurodegenerative 
diseases, preferably Alzheimer's disease. 

The detection of compounds described abo.ye is 
based on bringing .cells extracted from the animal model 
5 of the ^invention into contact with* a compound or a 
mixture of ^compounds presumed to have an act^n^anglv^ 
then measuring the effect (s) of the compounds at the 
level of the whole cells , in cell homogenates or on a 
subcellular fraction, on different parameters such as 

m 

Q 10 cell death, the production of the A0 peptide, 

I* 

131 production of free radicals, and the like. 

i* 

hj The results described in the examples 

demonstrate the advantages «of thewode'K of the * 



□ 



invention and- clearly support the*use *of this, 
15 transgenic modei* as^a simpl'e^and^apdjd^measurA'ng^and^ 

*2 monitoring tool in the -context of therapeutic 

Li 

S3 strategies- such as^in particular^the*devel'opments**of * * 

antiapop'totic agents^or'-of agents ^limiting ce 10. . death 
linked to AD more generally.' 
20 The present invention will be described in 

greater detail with the aid of the examples which 
follow but which should be considered as illustrative 
and nonlimiting. 

25 I^GEND^TD V 'THE^FIGDRES 



Figurev*l : Anal>ysis^.of ^the^-expression^of^human- PSlr'-in*? 
the transgenic mice PSlwt, PS1M146L and PS&M5-* The* 
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transgenic mouse tissues: lymphocytes (lanes 1-4) , 
spleen (lanes 5-8) and brain (lanes 9-12), were lysed 
and analysed by immunoblotting using an antibody 
specific for the human sequence of PS1 (epitope in the 
5 N-term region of PS1) . The holoprotein PS1 (approx. 
50 kDa) as well as the N-terminal fragment are 
observable. The expression of the transgene is 
observable for the three transgenic mice. There is 
absence of endoproteolytic cleavage for the protein 
10 PS1M5. 

Figure i\i Increased apoptosis of the lymphocytes 
derived from transgenic mice PS1M146L and PS1M5 under 
basal conditions. The levels of apoptosis under basal 

15 conditions were measured in dissociated lymphocytes. 
The PS1M5 lymphocytes show a higher level of apoptosis 
compared with PSlwt (*, p < 0.05) or with the 
nontransgenic litjtermate controls (**, p < 0.05)). The 
same applies to the PS1M146I/ lymphocytes compared with 

20 the littermate controls (+, p < 0.05). 

Figure 3: Apoptosis after 2.5 h of incubation of 
lymphocytes derived from transgenic mice. After 2.5 h 
of incubation, the PS1M5 lymphocytes show a 
25 significantly higher level of apoptosis (***, 

P < 0.001) compared with PSlwt, PS1M146L or with the 
nontransc*enic controls (littermates) . 
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Figure 4: Apoptosis induced by deoxyribose treatment of 
lymphocytes derived from transgenic mice. After 
induction with deoxy-D-ribose (10 mM) , the apoptosis 
levels ^arer»signif_ieant-ily higher^in fchej*PS?l'M5mgroup*thanv 
5 in the other- gEpups;s*(**, p < 0 /OlTvs^PS^wt^and^ 
PS1M146::,; ***, p < 0,001 vs littermafees* . 

Figure 11 : Apoptosis induced by; hydrogen peroxide 
treatment of lymphocytes derived from transgenic mice* 
10 After induction with hydrogen peroxide (1 mM) , the 

apoptosis levels are significantly higher in the PS1M5 
group tfcan in the. other groups (***, p < 0.001), There 
is no* differences-be tween* the- other^grQups ^ 

15 Figure 6: Apoptosis indueed**by dexamethasone**treafement* 
of ^lymphocytes derived from tran$gen&e*mi*e.e<wA£1se£% 
indueteioa with dexamet-hasone* (10 t7 M)^the^rapopt=osi'Sji*i 
levels ace signif icant-ly higher in the^ES*l»M5Wgroupiithan^ 
in the o'her groups (*, p < 0.05 vs PS1M146L and 

20 littermai;es; **, p < 0.01 vs PSlwt) . There is no 
difference between. the other groups. 

Figure 7: Increase in the levels of free radicals in 
the lymphocytes of transgenic mice PS IMS . The levels of 
25 the oxyge ftated^ radical* spfecies" (Reactive Oxygen 

Species) were measured in the mouse lymphocytes by flow 
cytometsr-y - (Rhodamine 123) and expressed- as mean 
fluosetfcegi^^^ The^ley^l^.pf^RQS^are, 4 
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significantly higher in the lymphocytes of transgenic 
mice PS1M5 compared with the other groups (*, p < 0.05 
vs PSlwt; **, p < 0-01 vs littermates) . 

Figure 8: Increased mobilization of intracellular 
calcium in the lymphocytes of transgenic mice PS1M5 . 
The levels of [Ca 2 *]i were determined under resting 
(basal) conditions. The levels of intracellular calcium 
are higher in the lymphocytes of transgenic mice.PSlMS 
than in the other groups. There is no difference 
between the other groups. 

Figure 9: Increased intracellular calcium response 
after stimulation with PHA in the lymphocytes of 
transgenic mice PS1M5. The difference between the 
levels of [Ca 2 *]i after and before mitogenic stimulation 
with PHA (15 microg/ml) has been represented. The 
lymphocytes of transgenic mice PS1M5 respond more 
strongly to the stimulus than* the other groups • 
(p < 0.01). There is no difference between the other 
groups . 

Figure 10 : Latency for the slower mobilization of 
intracellular calcium in the lymphocytes of transgenic 
mice PS1M5 and PS1M146L. The time interval to reach the 
peak for |Ca 2+ Ji after mitogenic stimulation with PHA is 
higher in the lymphocytes of transgenic mice PS1M5/ (**, 
p < 0.05 vs PSlwt and littermates) as well as to a 



lesser degree for the transgenic mice PS1M146L (*, 
p < 0.05 vs PSlwt) . There is no difference between the 
mouse PSlwt and the nontransgenic controls 
( littermat=^s»)# v 

5 

Figure 11: Effect of the human mutations of PS1 in the 
brain of transgenic mice on the mechanisms of 
protection of the free radicals. A) Levels of activity 
of the enzyme superoxide dismutase, SOD* B) Levels of 

10 activity of the enzyme glutathione reductase. C) Levels 
of lipid peroxidation after stimulation with FeCl3- A 
significant reduction in the mechanisms of 
detoxification- o £4 the**£ r%e*rad&ea<l»s / ; ( SOD*and* GR*)t\i s*** 
observed* in the* brain of* the^tran^geni5.e^mie^^PS*l«M5MB( * , 

15 p < O.OIi vs -PSlwt** **> p < 0.05*vs^PS*llMli4l61?)5* with^a 
tendency' towacds^reduction in the mice^PS«lM0s4,6L. 
Conversely, the level-s of st*imu&ated%lipid^pej2^x*ida^ 
(due * to the presence^of f ree -radicals ) » isi?^iricreased«.n v 
the mice PS1M5 . 

20 

MATERIALS AND METHODS 

1. Mutagenesis of presenxlin 1-PS1 

The human cDNA for PS1 containing a Kozak 
consensus at the level of the initial ATG has been 
25 previous^ ^e i S^b€d^(Pridrer et>air, 1999) . The^ . 

mutagenesis of PS1 was carried out using the SculptorTM 
inv,vitro>»mut^agenes4*si«ki^' (Amersham>-« France)*. TheWeoda»ng«* 
regidh ^i:-^pS 1«e wasfrsul ffilY^^^ 
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(stratagene) and a single-stranded DNA prepared. The 5 
mutations used in the context of the invention were 
introduced with the aid of oligonucleotides containing 
the desired mutations according to the supplier's 
5 instructions: 



M146L, 


5 'GAGGATAGTCG*TGACAACAAT 3 ' / 


SEQ 


ID 


No. 


1 


H163R, 


5 ' AAGCCAGGCC * TGGATGACCTT 3 ' ; 


SEQ 


ID 


No. 


2 


A24 6E? 


5 'GATGAGCCAT*GCAGTCCATTG 3 ' ; 


SEQ 


ID 


No. 


3 


L286V, 


: *'ggagtaaatgc*gagctggaaa 3 ' ; 


SEQ 


ID 


No. 


4 


10 C410Y, 


GGCTACGAAT*CAGGCTATGGT 3 ' ; 


SEQ 


ID 


No. 


5 



the * denotes the position of the nucleotide mutation 
introduced on the complementary strand. To obtain the 
construct containing the five combined mutations (PS1M5 
for mult.irautantS) , five successive mutageneses were 
15 carried out. The entire sequence of the PS1 cDNA was 
checked on each mutagenesis to ensure the absence of 
undesirable mutations. 

2. Generation and identification of the transgenic 
20 mice 

For the ^construction of the transgenes, the 
cDNAs for PS1 wild type, PS1M146L and PS1M5 were ' 
subcloned into the Smal/BaraHI restriction sites of the 
multiple cloning site of the transgenic expression 
25 vector HMG (Czech et al., 1997). The cDNAs are under 
the control of the HMG-CoA reductase partial promoter 
which allows ubiquitous expression of the transgefte. 
For the microinjection/ the expression cassette was 
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purified by gel electrophoresis after restriction with 
the enr.yme NotI in order to eliminate the unimportant 
sequences from the vector. The purified transgene was 
taken ip at the*. final coneenferate&.orwof* 2 . 5 ngyjmicrol in 
5 10 mM Iris-HCl <pH>7.4), 0.1 mM*E DTA" and in j eoted* *into 
one of the two pronuclei of fertilized mouse oocytes. 
The surviving embryos are transplanted into the oviduct 
of an adoptive mother. The presence of the transgene 
was analysed by PCR and Southern. The. PCR was carried 
10 out using oligonucleotides specific for the human PS1 
sequence having the sequences SEQ ID No. 6 
5 '-TAA TTG GTC CAT AAA AGG C- 3 ' and SEQ ID No. 7 
S '-GGA e&&AA+GG&& gell^ata^g^ani* 
araplif ication~ f ragmenttr'of 550»bp^For^thewSoufeher-n^* 
15 analysis;, * a -1.^ ^^Ps^3^:Sad^ 
the firi;t in£ron*of^the>*iMG^ 

labeled with*alph»d£p' andteusediias^pr^obe^f o'**the** 
detection of ^the»trAnsgene **and*of*<the»endogenous*** 
HMG-GoA^reduGta^se^rerife^ ByNvirtue of the latter 
20 analysis, the absence of any major rearrangement or of 
any deletion within the transgene may be guaranteed. . 
The mice were bred in accordance with the French rules 
for caring for animals. 



25 3. Immiinoblotting • 

The cerebral tissue and the spleen of 
transgenic mice— (PS'lwt*, PSa^46Wand*PS*M5>)* andwofaT 
nontrans^nd^c^oR^ 



16 



homogenized on ice in a 0.32 M sucrose solution 
containing protease inhibitors (Complete™, Boehringer- 
Mannheim, Germany) . The cellular debris were removed by 
centrifugation at 4°C for 5 min at 1500 g. The 
5 lymphocyte ly sates were prepared in the same manner 
from ths fraction of purified cells. The protein 
concentration in the supernatant was measured with the 
aid of -he BCA protein test (Pierce^ USA) . For the 
detection of PS1, 25 \ig of protein extract were. 
10 incubatejd at 56°C for 20 min in the Laemmli loading 

buffer containing 8M urea and 50 mM dithiothreitol. The 
proteins: were fractionated by polyacryl amide gel 
electrophoresis (SDS-PAGE) . After transferring the 
proteins onto nitrocellulose filter (Amersham, France) 
15 the filter was heated in PBS for 5 min in order to 

increase the sensitivity and immediately saturated with 
5% (w/V) of powdered skimmed milk in TBS 50 mM Tris-HCl 
pH 8.1, 150 mM NaCl, 0.05% (V/V) Tween 20 for 1 h and 
incubated overnight at 4°C with the human antit-PSl 
20 primary antibody (Ab) , MAB1563 (Chemicon, USA) , diluted 
1/10,000 in TBS buffer alone. The binding of the Ab wais 
detected with an anti-IgG Ab conjugated with 
horseradish peroxidase (Amersham, France) followed by a 
chemi luminescence detection system (Amersham, France) 
25 according to the manufacturer's instructions. 
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4. Preparation of the lymphocytes 

The lymphocytes were prepared from freshly 
dissociated mouse spleen. The spleen is homogenized in 
RPMIwbu»f f errand then the homogenate is passed^thorough a 
5 10 -mi ci -on filters The cellular- homogenate**is washed* 
several times by centrif ugation and resuspension . After 
lysis of the erythrocytes present, the number of cells 
is determined by counting under a microscope. 

To obtain the T lymphocytes, the B cells were 
10 counter selected by attachment onto magnetic beads 

carrying anti-B cell antibodies (Dynabeads Mouse' pan B, 
Dynal, Norway) and separation of the beads. The 
remainifig; rcel'ls are ^T *lymph<^ey^ 

more ^th<inm80%5^as t determined^by^f low>*cy^©metei>ic^ • 
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jlj 15 analysis; 

□ 

□ 5. Measurement of^apoptosisla* 

To^deteraine^the*Gon^ent^of^DNAwat»the^Gl^ 
phase, which" defines the percentage of apoptotic cells, 

20 after treatment at various times , the T lymphocytes are 
separated by centrifugation and the cellular pellets . 
taken up in lysis buffer (0.1% sodium citrate, 0;i% 
Triton X-100) containing 50 jig/ml of propidium iodide 
(Sigma, Munich). The samples are stored at 4°C for 1-2 

25 hours bejrore flow cytometric analysis (FACSCalibur-, 
Benckton Dickinson? Cell Quest software) . Cell death 
was dnduc:edwby^varvious^ treatments* 2^deoxxy«D^iboseii* 
(d^Ri!b,Wl OxhMM^hyd^^^ mM)j^an.d|K; 
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dexamethasone (dex, 10~ 7 M) for 2.5 h. Cell death 
determined in the absence of treatment was defined as 
In vitro spontaneous apoptosis. 

5 6. Measurement of intracellular calcium 

The T cell fraction is taken up in RPMI 
buffer and incubated in the presence of Fura-2-AM 
(Molecular Probe , Leiden , The Netherlands) . The 
incubation is terminated by addition of BBSS buffer and 
10 washing of the suspension by centrifuging several times 
in order to remove the dye from the medium. The T cell 
fraction is finally taken up in BBSS buffer and stored 
on-ice until the measurement of intracellular calcium. 
^ The Fura-2 fluorescence was measured as 

tar 

Rj 15 previously described (Eckert et al., 1993) using an 

□ 

£1 SLM-Aminco luminescence spectrometer with wavelengths 

Q of excitation at 340 nm and 380 nm and of emission at 

510 nm. f .:he intracellular concentration of calcium 
[Ca 2+ ]i wcis calculated from the method of ratios of 
20 Grynkiewicz as previously described (Eckert et al., 

1997) using a Kd value of 224 nM. As stimulator of -*'.'*"' 
calcium mobilization in the lymphocytes, PHA-P (Sigma, 
Munich) was added at the concentration of 
15 micrograms/ml. 
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7. Measurement of the free radicals 

The production of free radicals (ROS) was 
quantified by flow cytometry (FACSCalibur, Benckton 



19 



Dickinson) using dihydrorhodamine-123 (DHR, Molecular 
Probes! as fluorescent revealing agent. The cells are 
resuspemded in 1 ml of HBSS buffer in the presence of 
DHR (final concentration 10miicr©M)./<and^ 
5 37 °C fcr 15 min on a shaking bath^v The conver.s»ion^rof ^ 
DHR to its fluorescent derivative rhodamine-123 is then 
quantified and expressed as mean fluorescence intensity 
(MFI) . 

10 8. Preparation of the cerebral tissue 

The mice were used at the age of 3-4 months 
and sacrificed by decapitation. The brains were removed 
and wasiied^xten^i^ely^^in ^bu^f elNuMi'ce ?^he&fci"ssue*** 
( cer ebel lum, inclujded^was^ wei'ghedirand^rimmejdi'a^ 
15 frozen^c:t-f-20 -C . Thfenttissue wastrhomogeni^zed*wi^hmthe^* 

aid of-^a Potte^E-lkvehgem^homogend>zer in Triss>HG*l*£buf*f ei4 
at 5 ane*«20 mM^respeetd.vvel^y, in-order^toxobteai'nw* 
homogena fees- dial'uted-M( weighty^vo^umeOwirl / 1 ,0* and**! / 5 ^ 
re s p'£ e td\ve -l*y*.i* 

20 

9. Test of Cufcn SOD and glutathione reductase 
activity 

The brain homogenates (1/5 w/v) were 
centrifuged at 8500 x g for 10 minutes at 4°C. The 
25 supernatant was used to measure the SOD and glutathione 
reductase* (GS) activities. The SOD activity was 
measured with the* aid of an SOD^525 type**kit 
(CSl-bioefoem^Getemany*)/? Th^s^ki*l5*uses*a speci*f^ie*reagent k . 
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(Rl) which undergoes alkaline auto-oxidation which is 
accelerated by superoxide dismutase. A second reagent 
(R2) is used to eliminate the interference caused by 
mercaptans, such as glutathione- One unit of SOD-525 
5 activity is defined as the activity doubling the level 
of auto -oxidation of Rl. The GR activity was similarly 
assayed with the aid of a specific kit (Calbiochem, 
Germany;. . This kit measures the level of oxidation of 
NADPH to NADP+ which is accompanied by a reduction in 

iji 

P 10 absorbance at 340 nm which is detected by 

05 spectrophotometry. One unit of GR activity is defined 

M 

hj by the reduction of one micromole of GSSG at 25 *C, 

D 



01 



ru 
a 



pH 1:6. 



15 10. Measurement of the basal and stimulated lipid 



'0 peroxidation (LPO) in the cerebral tissues 

□ 

i3 The brain homogenates (1/10, w/v) are 

incubated in buffer containing (stimulated LPO) or 
otherwise (basal LPO) FeCl 3 -and 100 nM for 30 min at 
20 37 °C in a stirred aqueous bath. After incubation, the 
homogena-es are centrifuged at 3000 x g for 10 min- The 
supernatants are used to detect lipid peroxidation by 
measuring * the concentration of malondialdehyde (MDA) 
with the aid of an LPO-586 type kit (Calbiochem) • This 
25 kit uses a specific chromophore which reacts with MDA 
at moderate temperature (45 °C) . 
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EXAMPLES 

Example 1: Immunodetection of the proteins 
corresponding to the transgenes PSlwt, PS1M146I. and 
PS1M5 

5 Trahsgendrc mice PSlvrfc^ PS l*Mi<4 6%** and*PSaiM5 

(multimutant) were generated. The transgene is - under 
the control of the human HMG-CoA reductase promoter, a 
housekeeping gene which confers a high ubiquitous 
expression including the brain (Gautier et al.,.1989, 

10 Czech et. al., 1997 and 1998). Analysis of the levels of 
expression of the transgenes (human PS1) was carried 
out on the spleen and brain tissues as well as on the 
1 yfnphocy^G^G e*l*l f r3 efei*on^wi.feh^the aid Qf van^antsibody 
specific or the^human^PS*l*sec^^ 

15 mouse homologue> .(Fig^l ) In^the*tora*n*/ (Fi^**l flashes*** 
9-12),, the N~terminal^f ragmen t«?of% PS 1 is. the * 
predominant ' spee-i'es*wi4*h*hi*g^ 

compared-witlv PSfcwts*' Fo%^PSl'Mar4<6*^ ttowfe0*«MP*B*fu- - 
(complrete protein, approx. 50 kDa) is detectable/ 

20 demonstrating a saturation of the endoproteolysis 
process .it high expression of PS1 as previously 
described. On the other hand, for PS1M5, the 
multimutant, there is complete absence of 
endoproteolysis and only the holoprotein is detectable. 

25 Similar -results were bbs^erved^xn' the" ^pl^el^and^he 
lymphocytes with variable but detectable levels of 
expires s ion*-in ~ al«lt~these**t rs s ues*« 
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Example^ 2: Enhanced spontane us apoptosis in the 
lyiqphocytes isolated from multimutated PS1 transgenic 
mice 

The aim of this example is to demonstrate 
5 that the peripheral cells of the animal model 

expressing the multimutated PS1 exhibits an enhanced 
spontaneous apoptosis which is persistent over time. 

The lymphocytes isolated from transgenic mice 
expressing PSlwild type (without mutation) have the 
CJ 10 same level of basal apoptosis (2.8%) as the 
Ql nontransigenic controls derived from the same litter 

y (litterpiate) (Fig. 2). On the other hand,, this 

£3 

spontaneous apoptosis is greatly increased (6%) in the 
£j transgenic mice expressing the mutation PS1-M146L or 

15 the multimutation PS1M5 . 

□ 

j!r Very interestingly, after culturing for 2.5 h 

□ without apoptotic stimulus, the levels of spontaneous 

apoptosis for the lymphocytes of PS1M5 were higher than 
for PSlwt or the simple mutant PS1M146L or the. 
20 nontrans genie controls (Fig. 3) . 

These results demonstrate that the cells of . 
the transgenic animal of the invention and in 
particular those of the peripheral tissues (lymphocytes 
in particular) exhibit not only a greater spontaneous 
25 apoptosis compared with the controls but also that it 
persists over time. 
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Example _3: Increase in apoptosis induced by treatment 
with deoxyribose in the lymphocytes derived from PS1M5 
transgenic mice 

The -aim of this example is to*- demons* rate the 
5 apoptosis indueed<*by deoxyribose-is mueh^greate^in the 
multimutant PS1 mouse model. 

After induction by treatment with 2-deoxy-D- 
ribose (d-Rib) , the levels of apoptosis are _ 
significantly greater for the transgenic lymphocytes 
10 PS1M5 than for PSlwt, simple mutant PS1-M146L or the 
nontranssgenic controls (Fig. 4) . 

This increase in apoptosis after induction 
demori>s-ti-ates*'an«senhanced»*response- (sensitization) to am, 
apop.toti c stress due- to»the vexprjession^of««mui<Lfe-imu.teant ~ 
PSM. combined with- an^increase»in > «basa^ap^ptQsd.Sf/*. 
these results clearly indicates thatr s the^transgenic; , 
expression of a multimuteafeed formmbf* PS4%causes*a«imuGh*^ 
higher sensitivity to apoptosis in the%d.ymphoey,fe.esiiand*# 
the like. 

Example «; Increase in apoptosis induced by treatment . - 
with hydrogen peroxide in the lymphocytes derived from 
PS1M5 transgenic mice 

The aim of this example is to demonstrate 
that - the apdptKfsis induced by hydrogen peroxide is much 
greater in the multimutant PS1 mouse model. 

Afitrer s tsfcrnu'lateion by*st reatement^nfiteteahydrogen 
peroxide (H202-) > the levels of apoptosis are 
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significantly greater in the lymphocytes PS1M5 than for 
the others which are transgenic or nontransgenic 
(p < 0.001, Fig. 5). There is no significant difference 
between the transgenic lymphocytes PSlwt (S192) and 
5 simple mutant PS1M14 6L or the nontransgenic controls. 

This increase in apoptosis after induction by 
a different stress demonstrates the general nature of 
the hypersensitivity to apoptosis observed in this 
model . 

Example 5: Increase in apoptosis induced by treatment 
with de: came thas one in the lymphocytes derived from 
PS IMS transgenic mice 

The aim of this example is to demonstrate 
that tho apoptosis induced by a treatment with 
dexamethasone is much greater in the multimutant PS1 
mouse model. 

Likewise, after stimulation with 
dexamethasone, the levels of apoptosis are 
significantly greater in the lymphocytes PS1M5 than for 
the others which are transgenic or nontransgenic 4 
(p < 0.01, Fig. 6). There is no significant difference 
between the transgenic lymphocytes PSlwt and simple 
mutant PS1M146L or the nontransgenic controls. 

This increase in apoptosis after induction by 
a third different stress confirms the general natural 
of the hypersensitivity to apoptosis conferred by; the 
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transgenic expression of multimutated PS1 (but not 
simple mutant) . 

Example 6 : . Increase, in * thie levels^of >f ree^radieals^in 
5 the lymphocytes^of -PS1M5 transgenic* mi'ce - 

The levels of oxygenated free radical-agents 
(Reactive Oxygen Species) were measured in the mouse 
lymphocytes by flow cytometry. The ROS levels are 
significantly higher in the lymphocytes of transgenic 

10 mice PS..M5 (p < 0.05) compared with the other groups 
(Fig. 7) . There i& no significant difference between 
the oth€sr groups although a trend towards an increase 
in* the ROS^ieve»l*s appeals befeween«th'e*litterma^e^ 
controls, and* 'th£**:trans.gen& 

15 Thisrdncrease^in the*ROSwlevea«sMdemonsterates s 

that it i s* pos sd-bl«ei#to^de tec t^undei^basal^eondd^i'ons^ 
in this >model^an^impavi*rmen^of4ffa ^biochemi'ead^pa^ametjer 
(greatly afffeeted*in-*AD)k* whdch«imaya»under-lie*4the^ 
hypersensitivity to apoptosi-s. 

20 

Example 7; Enhanced mobilization of intracellular 
calcium In the lymphocytes of PS IMS transgenic mice 

Because apoptosis is modulated by the 
intracellular levels of calcium r these were analysed in 
25 the lyn^l*^^ thV 
levels o:: [Ca 2 *]i for the controls and the transgenic 
mice PSlwt^and* PS*1!M1<46^ 

equ&l to-^b$Uj 5 0£nM)^ Th%»muQ^p*e mutantyPS*M5 
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demonstrates a slight rise in the basal levels (greater 
than 200 nM) (Fig. 8) • 

After mitogenic stimulation (PHA, 
15 microg/ml) / the levels of intracellular calcium 
5 increase by approximately 70 nM in the control mice and 
the transgenic mice PSlwt and PS1M146L (Fig. 9) . On the 
other hand, for the mice PS1M5, this increase is 190 nM 
which In statistically different from the other groups 
(p < 0.01). Therefore, not only are the levels of 
.0 [Ca 2 *Ji higher under basal conditions, but the clear 
response to a stimulus is also greater, resulting in 
much higher absolute levels (400 nM compared with 
200-220 nM for the other groups, statistically 
significant difference) . 
5 Furthermore, compared with the nontransgenic 

controls which exhibit a very rapid calcium response, 
the latent period to reach the [Ca**]i peak after 
stimulation with PHA is greatly increased in the 
lymphocytes of the PS1M5 transgenics and to a lesser 
0 degree for the PSlM146Ls (Fig. 10) but not in the 

PSlwts. " .\ 

The differences in the levels and kinetics of 
calcium responses in the lymphocytes demonstrate a 
substantial alteration of the processes of mobilization 
5 of the intracellular calcium reserves due to the 
expression of multimutant PS1 in this model. 

The alteration of the kinetics of the calcium 
responses had been previously demonstrated in the 



lymphocytes of AD patients, which reinforces the 
relevance of this animal model. 



Example* 18: Study^of the^metabosLism^of the#free«»ra„dical8 
5 in the brain 

To confirm the relevance, relative to* 
Alzheimer's disease, of the deficiencies observed in 
the transgenic mice of the invention, it was 
investigated if pathological impairments were 
10 identifiable in the brain of these animals. In 

particular, the mechanisms for protection against free 
radical:* were analysed since the latter are involved in 
the*fapQpfcos*is pfrenpmena^linte 

since^ariirimpa^rTn^nit^in the^lymphoG>y A tesj^pfi(iPsa»M5^ 
15 t rans.g^i^ 

Tttei*anamyses*wer^ 
old andnia*s** Compared -wi»feh^thei»transgenic^mi»Geii>PS^^ 

SOD activity by approximately 20% in the brain. 
20 (Fig. 11 A) . This reduction is further accentuated in 

the PS1M5 transgenics (-28%, p < 0.05). 

The glutathione reductase activity is also 

significantly reduced in the brain of the PS1M5 

transgenics (-27%, p < 0.05). By contrast, a truly 
25 modest^raduGtion in this activity modest effect is 

noted*>in**the PS*1^M1*46L transgenAcs^(FigK*llBK 
Th^baisa&**lipid«pesox^ 

identical in all the groups of mice. After stimulation 
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with FeCl 3 , on the other hand, the lipid peroxidation 
levels .are increased in the PS1M5 transgenics (+20%, 
Fig. 110) . 

In multimutated PS1M5 transgenic- young adults 
5 (3-4 months), a deficiency is therefore observed in the 
mechanisms for protection from free radicals and in 
parallel an increase in sensitivity to lipid 
peroxids.tion in the brain. This effect perfectly 
correlates with the increased sensitivity to apcptosis, 
10 the impairments in the mobilization of intracellular 
calcium and the increase in the levels of oxygenated 
free radical species observed in the lymphocytes of 
these transgenics which artificially express the 
transgene in these two tissues. The deficiency in the 
15 mechanises for protection against free radicals was 
also revsaled in patients suffering from Alzheimer's 
disease, thus confirming the relevance of this animal 
model . 
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CLAIMS 



1 . Transgenic animal expressing a 
multimutated form of presenilin 1 and allowing an 

5 apoptotLc phenomenon to be detected in a renewable 
peripheral tissue. 

2. Transgenic animal according to claim 1, 
characterized in that it allows an apoptotic phenomenon 

to be detected in its lymphocytes. 

pi " 

□ 10 3. Transgenic animal according to either of 

H- 

m claims ] and 2, characterized in that it allows an 

apoptotac phenomenon to be detected in its T 
lymphocytes . 

4. Transgenic animal according to claim 1, 
15 characterized in that the mutations in the PS1 gene are 

the mutations M146L, H163R, A246E, L286V, C410Y, I143T, 
L235P, P264L, P267S, E317G, G384A, L392V, A426P and/or 
P436S. 

5. Animal according to claim 4, 
20 characterized in that the mutations are M14 6L, H163R, 

A246E, L286V, C410Y, combined with each other. 

6. Use of the animal model as described 
according to claims 1 to 5 for the detection of 
compounds; intended for the treatment of 

25 neurodegenerative diseases, preferably Alzheimer's 
disease. 

7. Cell extracted from an animal model as 
describee: according to claims 1 to 5. 
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8. Use of a cell as described according to 
claim 7, for the detection of compounds intended for 
the treatment of neurodegenerative diseases, preferably 
of Alzheimer's disease. 
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PATENT OF INVENTION 

TRANSGENIC ANIMAL EXPRESSING A MULT I MUTATED FORM OF 

PRESENILIN 1 

RHONE — POULENC RORER S.A. 
ABSTRACT 

The present invention relates to the field of 
transgenic animal models and more particularly the 
animal irodels of Alzheimer's disease. The invention 
relates to a transgenic animal expressing a 
multimutated form of presenilin 1 and allowing an 
apoptotic phenomenon to be detected in a renewable 
peripheral tissue,. 
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